were mixed in ethanol and those mixtures were pressed into pellets of 10mm in diameter and 5 mm in height by a uniaxial press at 3 to 4MPa. Those pellets were heated in an electric furnace at temperatures ranging from about 673 to 973K for 24h. Durability was tested for the heated specimens by soaking in water for 24h at the room temperature. Phases of the specimens were determined by the X ray powder diffraction method and the microstruc ture was observed by scanning electron microscopy (SEM).
Vickers hardness of the specimens was measured and degree of sintering was estimated by these values.
The mixtures of calcite and additives were exa mined by DTA using Rigaku TAS 200 at the heating rate of 10K/min.
Results and discussion
Most of the specimens were porous looked like a chalk and could be broken easily by hand. Some of the specimens containing LiF, however, looked dense bodies and were provided for the measure ment of Vickers hardness. Table 1 shows the results of the soaking test. Specimens containing LiF, and Na2CO3 remained un changed after the test. However, most of the speci mens of no additives and those containing 10 mass% of NaCl were broken into powders. This result indi cates that the additives positively influence in the sin tering of calcite.
The specimens containing LiF heated at tempera tures below 797K looked compact bodies and pos sessed smooth surfaces. However bubblelike bulges appeared when the specimen of a similar composi tion was heated at 973K. Since the decomposition temperature of calcite is 793K in the atmospheric condition,4) these bulges are considered to be caused by the decomposition. Figure 1 shows changes in Vickers hardness of the specimens with firing temperatures. The values of Vickers hardness increased linearly as higher firing temperature and reached to 2.80GPa in the speci men heated at 795K. This increase suggests that sin tering of calcite occurs below the decomposition tem perature. Fig. 1 . Relation between Vickers hardness and firing temperature of the specimens containing 5 mass% of LiF. A sharp endothermic peak appeared at about 843 K on the DTA curve of the mixing powder of calcite and 5 mass% of LiF. The binary phase diagram LiF CaCO3 has not been published. The endothermic peak is, however, considered to be caused by the for mation of a liquid phase. The liquid phase should con tribute to promote the sintering of calcite.
From the results, the optimum temperature of the sintering of calcite was deduced to be about 793K, which was as high as the decomposition temperature of calcite. Four pieces of the specimens containing 5 mass% of LiF were prepared by firing at the opti mum temperature. The averaged value of shrinkage and that of bulk density of those specimens were 19% and 2.24m • kg/m3, respectively. The bulk den sity reached to 83% of the ideal density of calcite.
Conclusions
Effect of additives on sintering of calcite under the atmospheric pressure was studied. It was found that additives, especially LiF, promoted the sintering of calcite below its decomposition temperature. Micros tructure of the sintered calcite was similar to that usually observed in the materials formed by the liq uid-phase sintering. It was suggested that the sinter ing occurred under the presence of a liquid phase.
